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A SIMPLE QUANTITATIVE PRECIPITATION
REACTION FOR SYPHILIS
THIRD COMMUNICATION
R. L. KAHN, Sc.D.
LANSING, MICH.
Further studies on the precipitation reaction for syphilis proposed
by the author1 suggested several changes in the procedure which
appeared to enhance considerably the value of the test. It will be
recalled that in the original method a cholesterinized antigen was
employed, and because of its high sensitiveness the test was completed
after four hours' incubation. In the new procedure a noncholesterinized
antigen is also employed. The same alcoholic extract of heart muscle
is used with and without the addition of cholesterin. When employing
the noncholesterinized antigen, however, it was observed that the
rapidity of precipitation is not as marked as in the case of the cholesteri-
nized one. It was necessary to incubate the tests with the former
antigen over night in order to elicit complete precipitation in most
cases. On the basis of this finding, and because of another considera-
tion to be discussed presently, it was deemed best to employ overnight
incubation also with the cholesterinized antigen. Finally, it seemed
advisable to adopt the plus sign as a basis for recording results of this
test. Since a heavy and complete precipitation undoubtedly corresponds
with complete fixation of complement in the Wassermann test, it seemed
best to employ the nomenclature widely used by workers in connection
with the older test.
Although the final reading of results is taken after overnight incuba¬
tion, this test does not lose its spontaneous character with strongly
positive serums. This is particularly true when employing the choles¬
terinized antigen. In close to 80 per cent, of serums giving a H—|—|—|-
reaction in the Wassermann test, a definite precipitate will be seen
within five minutes when employing this antigen. This spontaneous
phase of the reaction should prove a valuable aid in corroborating an
immediate diagnosis of syphilis. Yet, this phase appears to us only
of relative importance, since most patients giving strong sérologie reac-
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tions show clinical evidence of syphilis. In this disease a specific test
of such high sensitiveness that it will give helpful data to clinicians in
cases in which clinical evidence is often lacking is particularly desirable.
It was this consideration largely which led us to render the results with
the cholesterinized antigen as sensitive as possible by extending the
incubation period.
It should be remembered, however, that any biologic test, if highly
sensitive, will occasionally give a slight nonspecific reaction. There are
no sharp lines of demarcation in biology, and a test which is capable
of detecting minute pathologic lesions will occasionally go beyond the
realm of specificity. This explains why weak reactions obtained with
the Wassermann test carried out with a cholesterinized antigen and
prolonged fixation are considered of little value unless corroborated by
clinical evidence. In this precipitation test, also, we believe that a weak
reaction obtained with the cholesterinized antigen alone is not by itself
to be taken as a symptom of syphilis.
There is this important difference between the precipitation and
Wassermann reactions : Whereas the latter has numerous widely
accepted sources of error, the precipitation reaction is practically free
from them. The several factors essential for correct results can be
readily mastered, and judging from the simplicity and ease with which
this test can be carried out we are inclined to believe that it will
become an important aid in the diagnosis of syphilis.
An important advantage of this precipitation test lies in the fact
that one does not have to employ set quantities of serum and antigen
in order to obtain the same results. A study of the quantitative rela¬
tion between serum and antigen has revealed that one may vary the
amount of serum provided the proper proportion of antigen is
employed. Thus, instead of using 0.3 c.c. of serum and 0.05 c.c. of
antigen, one may employ 1.5 c.c. of serum and 0.025 c.c. of antigen,
or so-called microquantities, such as 0.03 c.c. of serum and 0.005 c.c.
of antigen. This factor should be of help in cases in which it is
difficult or impossible to obtain sufficient amounts of blood for regular
tests.
PREPARATION AND DILUTION OF ANTIGENS FOR TESTS
An attempt was made to determine the effect of the temperature
employed in extracting the heart muscle on the sensitiveness of the
antigen when mixed with syphilitic serum. It was observed that
when the alcoholic extraction of the heart muscle was carried out for
ten days at room temperature, the sensitiveness of the antigen was
slightly decreased compared with icebox extraction (6 to 10 C). If
the heart muscle was extracted at incubator temperature (37.5 C),
the antigen potency was considerably decreased. This was found to
be true particularly in the case of the cholesterinized antigen.
Downloaded From: http://archderm.jamanetwork.com/ by a Monash University Library User  on 06/18/2015
It appears from these findings that the greater the content of heart-
muscle lipoids of the cholesterinized antigen, the less sensitive it is
when mixed with syphilitic serum. This is explained by the probability
that the greater the lipoid content of a given alcoholic antigen, the
more stable it is after the addition of cholesterin. The comparatively
large amount of lipoids contained in the alcoholic antigen after incubator
extraction holds the cholesterin in solution in a stable form, so that
on addition of salt solution there is no tendency for precipitation even
at low temperatures. The comparative stability of this antigen solution
explains, in our opinion, its lesser sensitiveness when mixed with
syphilitic serum ; for, assuming that there exists a specific affinity
between the combining molecules of the serum and antigen, the rapidity
of this union is likely to be lessened when the antigen molecules are
in a stable form.
When, on the other hand, the alcoholic extraction is carried out in
the icebox, the antigen contains less lipoid material and is proportionally
less stable after addition of cholesterin. The lesser stability of this
antigen is demonstrated by the fact that it shows a marked tendency
for precipitation after being mixed with physiologic salt solution. Thus,
the mixing must be carried out rapidly and the antigen must be kept
in the incubator to hold it in solution. This apparent instability of the
cholesterinized antigen helps to explain its marked sensitiveness when
added to syphilitic serum. The antigen molecules, being in an unstable
form, attach themselves readily to the combining molecules of the
serum.
The tendency of the cholesterinized antigen to precipitate when
mixed with physiologic salt solution is an important criterion in judging
the sensitiveness of a given antigen. Thus, an antigen-salt solution
mixture which will not precipitate within half an hour when placed in
the icebox will be considerably less sensitive than a mixture which
will precipitate readily at that temperature. Now and then, however,
an antigen possesses such marked precipitating properties as to necessi¬
tate the utmost care in its dilution with salt solution. This has
occasionally been true with antigens prepared by extracting the heart
muscle for ten days in the icebox. Attempts have thereupon been
made to combine icebox and room temperature extraction of the heart
muscle, in order to raise somewhat the lipoid content of the antigen and
thereby lessen its precipitating tendency after being mixed with salt
solution. It has been found that nine days' extraction at icebox tempera¬
ture combined with one day's extraction at room temperature gives
antigens of somewhat lesser precipitating tendencies, without noticeably
affecting their sensitiveness when added to syphilitic serum. On the
basis of this observation, we employ the following procedure in the
preparation of antigens :
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After freeing the dried heart muscle from ether extractives, 5 c.c. of a
95 per cent, or absolute alcohol is added per gram of dried material and
extracted for nine days at icebox and one day at room temperature. The
alcohol is then filtered off and a given amount cholesterinized by adding 4 mg
of cholesterin per cubic centimeter. The second alcoholic extraction with the
same dried muscle discussed in the previous papers has in some cases given
inconstant results. At present, therefore, we would recommend the employment
of the first alcoholic extract only.
The alcoholic antigen is diluted for the tests in the proportion of 1:2 with
physiologic salt solution (0.85 per cent, sodium chlorid). The cholesterinized
antigen is diluted in the proportion of 1:3. These proportions of salt solution
represent approximately the smallest amounts which will hold the antigens in
solution. Pipet 1 c.c. of alcoholic antigen into a small test tube (inner diameter
about % inch [10.5 mm.]) or to a 10 c.c. cylinder of about the same inner
diameter, and add 2 c.c. of salt solution from another cylinder ; mix rapidly
by inverting back and forth. The resulting mixture is opalescent and has no
tendency to precipitate at room temperature. The advantage of employing a
cylinder is that the gradations serve as a check on the amounts of antigen
and salt solution employed. One may also use the same cylinder for mixing
0.5, 1.5, 2 c.c. or any intermediary quantity of antigen with proportional amounts
of salt solution. This antigen-salt solution mixture is ready for use.
The cholesterinized antigen is diluted in essentially the same way as the
alcoholic one except that 3 c.c. of salt solution per cubic centimeter of antigen
is employed. This antigen has a tendency to precipitate if improperly mixed
with salt solution. To overcome this tendency, delay must not be permitted
in mixing after the salt solution has been added to the antigen. The following
simple procedure will be found helpful in preventing precipitation of the final
mixture : The test tube or cylinder containing the antigen is held between
the thumb and third finger of the left hand. The salt solution is added with
reasonable rapidity from another cylinder held in the right hand, and the
opening of the antigen tube is immediately covered with the index finger of
the left hand and shaken by inverting back and forth several times. This mode
of shaking is sufficient for complete mixing. Vigorous shaking is not neces¬
sary. This mixture may precipitate at low room temperature and is best kept
in the incubator when not in use. Sterile precautions are not necessary, but
the employment of chemically clean glassware is of utmost importance.
The question whether the potency of the diluted alcoholic and chol¬
esterinized antigens increases or decreases with age is now being
investigated in this laboratory. We have employed antigens immedi¬
ately after dilution with physiologic salt solution as well as two weeks
after dilution, with approximately the same results. Now and then,
however, serums have been observed which react somewhat more
strongly with freshly diluted antigen as compared with those diluted
one or two weeks before. On the basis of this observation, we employ
at present in our routine tests antigen mixtures from one-half hour to
several hours after dilution. It is best to wait about one-half hour
because a diluted cholesterinized antigen is frequently clear immediately
after dilution and becomes cloudy a short time later.
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THE TESTS PROPER
In the preceding paper it was shown that a 4: 1 proportion of serum
to antigen appears to give good results. This finding was obtained
by employing strongly positive serums. It was subsequently observed
that when employing weak serums, proportionally smaller amounts of
antigen give better results. On the basis of this observation a 6: 1
serum-antigen proportion is employed. With regard to the serum, one
may safely vary the amount in accordance with the quantity available.
For routine tests, however, 0.3 c.c. of serum is recommended because
the proportional amount of serum which is likely to evaporate during
the incubation period is practically insignificant when this amount is
employed.
Measure with a 1 c.c. pipet graduated in tenths, two 0.3 c.c. quantities of
clear inactivated serum (one-half hour at 56 C.) into two small test tubes.
Add 0.05 c.c. of alcoholic antigen mixturero one and the same amount of the
cholesterinized mixture to the other. For this purpose a 0.2 c.c. pipet graduated
in hundredths is best employed. Shake the rack vigorously from two to three
minutes. Shaking is of importance because colloidal solutions, such as the
serum and diluted antigens, will not mix readily by themselves. The strongly
positive serums will, in most cases, show spontaneous precipitations with the
cholesterinized antigens and in many cases also with the alcoholic antigens.
In this connection it should be stated that it is of the utmost importance
properly to clear the serum by centrifugation, since the presence of red blood
cells as well as dust particles will often give the impression of false precipita¬
tion. It is also well to mix the serum and antigen as soon as possible after
addition of the latter. This is of particular importance when working at low
room temperature, since there is a possibility of slight precipitation of the
cholesterinized antigen layer covering the serum. At such temperature, also,
it is well to keep this antigen in a glass of warm water to prevent its pre¬
cipitation. The vigorous shaking of the racks can best be carried out after
all tubes have received antigen. Finally, when adding antigen to serum with
a 1 c.c. pipet graduated in 0.05 c.c, each serum tube should receive the proper
amount of antigen. It was observed that such a pipet will occasionally not
deliver the 0.05 c.c. of antigen into a given serum tube, the small amount of
fluid encircling the tip of the pipet.
After properly mixing the antigen with the serum, the racks are placed in
the incubator (37.5 C.) and permitted to remain over night. When employing
0.3 or 0.2 c.c. quantities of serum, it is not necessary to keep the tubes stop¬
pered during the incubation period. It might be added that a temperature of
37.5 C. is not essential for the entire period of incubation. We have, in
some cases, incubated our tests for four hours in the water bath, followed by
overnight incubation in the icebox, with equally good results.
The results are read after about eighteen hours' incubation. The tubes
should not be shaken again before the first reading. The specific precipitates
are lipoidal in character and are suspended in the medium. The strongly
positive will be recognized without difficulty. The four plus reactions will
show either one or several clumps. The three plus reactions will show com¬
paratively large flocculi or granules. The two plus reactions will show clumps
or granules of a lesser size but large enough to be unmistakable. The +
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and ± reactions are best seen by slanting the tubes and observing the upper
point of contact between the fluid and tube wall. The slanted tube should be
several inches above the level of the eye and held in front of a window,
focusing on some dark object, such as a window shade or frame. One will
then see, by looking up, a thin layer of fluid with a precipitate floating in it.
When working with comparatively old serums, as is true in a public
health laboratory where specimens are received through the mails, it
will be found that a considerable number of tubes have a fine whitish
precipitate settled on the bottom. This is the chief reason why it is
important not to shake the tubes before the first reading of the results.
In many cases, however, these nonspecific precipitates go back into
solution on shaking. The questionable tubes, therefore, after the first
reading, are given a vigorous shaking for one minute, and the reading
is repeated preferably after about one hour. At the end of this period
the very weak specific precipitations will be found also to have become
somewhat more pronounced.
The extremely fine serum precipitates discussed in the previous
papers give no difficulty in reading this test. The specific precipitates
after this period of incubation are so marked that even the -)- and ±
reactions should be recognized with comparative ease. If the particles
are so fine that there is a question as to whether or not they represent
a specific reaction, the test may be safely considered negative.
Some workers may prefer to employ the cholesterin antigen alone
in this precipitation reaction. Such workers, we believe, may safely
shorten the incubation period to from six to eight hours, provided the
racks are shaken for about one minute at the end of each hour's incuba¬
tion until the total shaking period is no less than five minutes. We
believe that the bringing of the reacting serum and antigen substances
into closest possible contact with one another is of the utmost importance
in this reaction. We have elicited by means of shaking, not only strong
precipitation reactions, but weak ones as well. According to our find¬
ings, centrifugation will not do this, although it will help to coalesce
the flocculi after they have been formed. The construction of a shaking
machine is now being contemplated in this laboratory with a view to
finding whether sufficient shaking may eliminate the element of incu¬
bation in this test.
Clear serums showing a tendency to absorb large amounts of comple¬
ment (anticomplementary) in the Wassermann test do not react
differently from other serums in this precipitation test. They are
either positive or negative, depending on whether they have specific
reagin.
In the case of spinal fluids, 1 c.c. amounts are employed with 0.05
c.c. quantities of antigen. Although precipitates frequently become
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visible immediately after shaking when employing strongly positive
fluids, we nevertheless find, as a whole, that the reactions with these
fluids are somewhat less sensitive than with serums.
In the earlier communications the employment of "strongly posi¬
tive," "positive" and "weakly positive" as a reading scale was suggested.
For the sake of simplicity, however, and because of the widely accepted
reading scale of the Wassermann test, the employment of the plus sign
was adopted in accordance with the following scheme : ( 1 ) A pre¬
cipitate consisting of one or several large clumps, -|—|—|—(- ; (2) a
large flocculent precipitate, -|—|—(-; (3) moderate-sized flocculi or
TABLE 1.
—
Relative Sensitiveness of Cholesterinized and Alcoholic
Antigens in Precipitation Test as Compared with Wassermann Test
in Twenty-Five Cases of Syphilis in Various Stages of Treatment
Results with
Wassermann
Test
Precipitation Test
+ + + +
+ +
++ +
+ + + +
+ + +
+
+
+ +
+
+ +
+
+ + +
+
+
+
++
+ +
+
+ + + +
+
+ ++
Cholesterinized
+ ++ +
+ + + +
++++
+ +
++++
+ + +
++ +
+ +
+ + + +
+ + + +
+ +
+ + +
+ +
++++
+ + + +
+ + +
+ ++
+ +
+ + + +
+ +
+ ++ +
+ ++
+++
++ ++
Alcoholic
+ ++ +
+
+++
+
+
+ ++
+
++
+ +
+ ++ +
++ +
+ + +
+
+ +
granules, -\—\- ; (4) small-sized flocculi or granules, -|-; (5) fine
flocculi or granules, ±, and (6) negative precipitation, —.
With regard to the comparative sensitiveness of the two antigens,
the cholesterinized antigen will be found to be considerably more sensi¬
tive than the alcoholic. The former antigen appears to retain its
sensitiveness in many cases after administration of antisyphilitic treat¬
ment. The alcoholic antigen, on the other hand, loses its sensitiveness
in a large number of cases after treatment. In our experience, the
tests carried out with the cholesterinized antigen give results con¬
siderably more sensitive than the Wassermann test performed with
the same antigen. In the daily routine precipitation tests carried out
in this laboratory, it is a common occurrence to find -|—\- -\—|- and
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-j—I—(- reactions in treated patients, with corresponding Wassermann
tests giving only -)- or ±, and in a small number of cases, negative
reactions. And yet, occasional specimens are encountered which give
somewhat stronger reactions in the Wassermann than in the precipita¬
tion test.
Table 1 indicates the comparative sensitiveness of the two tests in
a small group of treated cases of syphilis.
THE SPONTANEOUS REACTION
This reaction is elicited in about 80 per cent, of serums giving a
H—|—|—|- reaction with the Wassermann test as carried out in this
laboratory. After adding antigen to the serum and shaking vigorously
for several minutes, a distinct precipitate suspended in a clear serum
will be observed. This precipitate will show a tendency to coalesce
on standing so that if observed again within from fifteen to thirty
minutes, the particles will be found to be considerably larger. Most
of these spontaneous reactions are obtained with the cholesterinized
antigen, although occasionally such a reaction is obtained with the
alcoholic antigen and not with the cholesterinized one.
This spontaneous reaction will not be brought about in most cases
unless the tubes are vigorously shaken for several minutes. Shaking
is necessary because colloidal solutions such as the serum and the
diluted antigen mixture do not readily mix by themselves. Mechanical
mixing brings the antigen and reagin substances in close contact
enabling them to react rapidly with one another.
When employing improperly centrifuged serums, particularly those
which are several days old, one will occasionally obtain cloudiness on
shaking the tubes with the production of a faint precipitate. This
precipitate is distinguished from the true one by the turbid appearance
of the medium. The typical precipitiate consists of distinct whitish
particles floating in a clear medium and is unmistakable.
In order to distinguish further true from false spontaneous pre¬
cipitates, the tubes are centrifuged for a few minutes. The true
precipitate will coalesce into one or several clumps and remain sus¬
pended, whereas the false one will go to the bottom of the tube. A
simpler way is to permit the tube to remain from fifteen to thirty
minutes at room temperature or in the incubator, as indicated in the
foregoing. The true precipitate will become still more distinct, due
to the coalescing of the particles, whereas the false one will become
somewhat less distinct due to the settling of the particles. The presence
of red blood cells in the serum will also give a false impression of
precipitation. The reddish character of this precipitate, however, will
distinguish it readily from the true one.
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We find it best, in this laboratory, to glance over the serums before
adding the antigen and make note of those serums showing clouding
either because of contamination or red cells. By this means, the factor
of false precipitation is reduced to a minimum.
THE MICROPROCEDURE
It was shown in the preceding paper that there exists a definite
quantitative relation between serum and antigen. Thus, when employ¬
ing a 6: 1 proportion of serum to antigen, for example, one may vary
the serum from 0.6 c.c. to microscopic quantities and obtain com¬
parable results, provided the amount of antigen employed is one-sixth
that of serum in every case. This suggested the development of a
TABLE 2.—Comparison of Results of Micro (0.03 C.c. Serum, 0.005 C.c.
Antigen) with Regular (0.3 C.c. Serum, 0.05 C.c. Antigen) Precipita¬
tion and Wassermann Tests
Serum
No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
Wassermann
Results
++ + +
+ + ++
+ + + +
++++
+ + + +
+ + ++
+ + + +
+ + + +
+ +
+ +++
Precipitation Results
Regular
Cholesterinized
Antigen
Alcoholic
Antigen
+++
+++ +
+ ++ +
+ + +
+ + + +
++ + +
+ ++
+ + +
+
++++
+
+ + +
++ ++
++ ++
+ ++
++ ++
++ + +
+ ++ +
+ + +
+ +
+ + ++
+
+ + + +
+ ++ +
+ + ++
+ + +
+ + ++
+ + +
+ + + +
Micro
Cholesterinized
Antigen
+ +
++ + +
±_
+ +
+ +
+ + +
+ + + +
+ +
+ +
+ + ++
±
+
+ + + +
++ ++
+ + +
++++
+ ++ +
+ +
+ + +
Alcoholic
Antigen
+ +
+ ++
+ ++ +
++++
+ ++
+ + + +
+ +
+
microscopic procedure with the hope that it may prove helpful in those
cases in which regular quantities of serum are not available. Hanging
drop preparations were prepared with minute amounts of serum
measured with a capillary pipet and approximately one-sixth the amount
of antigen measured with a pipet of similar size, employing the usual
procedure. After given periods of incubation, the positive serums
showed under the microscope clumps of minute globules, whereas
in the case of negative serums the mixture appeared homogeneous.
It was observed, however, that this method gave considerably weaker
results than the regular one, large numbers of weak serums giving no
precipitation reactions with these microscopic quantities. This was
found to be due, not to the relatively minute serum and antigen
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quantities, but to improper agitation of these two substances. For
successful precipitation reactions, the serum and antigen must be
thoroughly mixed. We have, therefore, found it more dependable to
employ small agglutination tubes for this microprocedure and thus to
enable proper mixing of the serum and antigen by shaking.
The Method.—Measure with a 0.1 or 0.2 c.c. pipet graduated in hundredths
cubic centimeter, two 0.03 c.c. quantities of serum into two agglutination tubes.
With a similar pipet measure approximately 0.005 c.c. of diluted alcoholic
antigen into one tube and the same amount of cholesterinized antigen into
the other. The minute amounts of antigen should reach the serum in each case.
Shake the racks vigorously for several minutes and incubate in the usual
manner. The tubes should be properly corked to prevent evaporation. The
results will be found to approximate closely those obtained with regular
quantities. Table 2 gives a summary of findings with a small number of serums.
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